Botanical Gardens in Bogotá. In 1925, crop research was initiated with the creation of the first experiment station under the Ministry of Agriculture and Commerce; this was followed by the establishment of additional experiment stations over the next two decades. The government invited the Rockefeller Foundation to establish a cooperative program to improve Colombian food-crop production along the same lines as a successful program established by the foundation in Mexico. The Colombian program began in 1950 with the creation of the Office of Special Research (OIE). It initially focused on wheat and maize breeding, but the scope of its research soon expanded to include a large range of other crops as well as livestock. In 1955, with the impetus of the Rockefeller Foundation program, a Division of Agricultural Research (DIA) was created under the Ministry of Agriculture and became responsible for all the ministry's experiment stations. OIE continued to exist and support Colombian public agricultural research; it also continued to finance fellowships for Colombian scientists to undertake postgraduate training abroad. 3 Hindering the successes of the agricultural research program was a highereducation system that lacked financial and physical resources, and hence could not meet the demand for well-trained scientists (World Bank 1983; Weersma-Haworth 1984) . In an effort to integrate agricultural research, extension, and educationand with the assistance of the Rockefeller, Ford, and Kellogg foundations-the Colombian government established the Colombian Agricultural Institute (ICA) in 1962. ICA inherited DIA's network of experiment stations and was given semiautonomous status. ICA was reorganized in 1968 and 1976 , and the change ultimately resulted in a more complex and decentralized structure. The orientation and relevance of ICA's research and extension activities were increasingly criticized in the late 1970s, particularly for the lack of coordination and communication between ICA researchers and farmers. ICA also experienced serious funding problems during this period because financial contributions from the government were substantially curtailed, and legal restrictions made it difficult-if not impossiblefor ICA to secure other sources of funding, especially from the private sector.
In the mid-1980s ICA was further reorganized, resulting in two separate subdirectorates-one for research and technology, and one for services. Despite the reorganization and initial funding from the World Bank and other international donors, ICA maintained a broad range of activities with insufficient funds to support them. In 1990, ICA was again reorganized, and its research mandate was broadened to include biotechnology and natural-resources research. In an effort to give greater coherence to ICA's multiple functions and to improve its efficiency, in 1993 the agency was separated into two institutes. ICA maintained responsibility for plant and animal health and quarantine, input regulation, and public research coordination and supervision. The research and technology transfer activities were relocated to a newly created institution, CORPOICA. CORPOICA was established as a joint venture between the Colombian government and various producer associations, universities, and regional institutions. The goal was to create an institute with greater flexibility in its organization, planning, and staff-recruitment policies, ultimately providing opportunities for collaboration with the private sector (CORPOICA n.d.) .
Research activities conducted by producer associations have been, and still are, an important component of Colombian agricultural R&D. The first producer association to initiate research was the National Federation of Coffee Producers (FEDECAFE, created in 1928) , which in turn established a National Coffee Research Center (CENICAFE) in 1938 to study the main problems of coffee production in Colombia. Cotton producers created the Institute for Cotton Development (IFA) in 1948, primarily to assess the performance of various cotton varieties introduced from the United States and elsewhere. In 1968, IFA was closed, and ICA assumed the more basic aspects of cotton research, while applied research (such as the testing of new varieties) became the responsibility of the National Federation of Cotton Producers (FEDERALGODON). The National Federation of Rice Producers (FEDEARROZ) was established in 1948 but initially focused most of its activities on extension. It began to undertake signficant research in 1968, in a joint program with ICA and the International Center for Tropical Agriculture (CIAT). ICA and CIAT jointly developed new rice varieties that were field-tested by FEDEARROZ.
In the 1950s and 1960s, additional producer associations were created for cacao (FEDECACAO, 1962) , oil palm (FEDEPALMA, 1962) , and cereals (FENALCE, 1963) , but it took several decades before these associations initiated programs of research. The Colombian Enterprise for Veterinary Products (VECOL) was established in 1974 to conduct research on and produce vaccines for foot-and-mouth disease. In 1977 the country's sugar mills created the Colombian Sugarcane Research Center (CENICAÑA), which assumed responsibility for all sugarcane research previously conducted by ICA. The Association of Flower Exporters (ASOCOFLORES, established in 1976) formed a technical division in 1987. Other, more recent research initiatives by producer groups are the Grape Research Center (CENIUVA, established in 1989) , FEDEPAPA, which began research on potatoes in 1991, and the Colombian Research Center for Aquaculture (CENIACUA, established in 1993) .
Current Structure of Public Agricultural R&D
The main agricultural research agency in Colombia continues to be CORPOICA, which accounts for about half of the country's total agricultural R&D resources. CORPOICA, established in 1993, is a nonprofit private corporation, although it still has some of the traits of a public agency. The agency is contracted by the Ministry of Agriculture and Rural Development (MADR) to provide public goods and services, but, as a private organization, it can set its own administrative policies (regarding, for example, management, staff recruitment, and salary structure). CORPOICA also has more freedom to obtain additional funding from the private sector through research contracts than did its forerunner ICA, but to date these types of funds account for only a small portion of its budget.
The producer associations mentioned above are heavily engaged in crop research. In some instances the research activities of these associations have replaced those previously undertaken by ICA; in other cases they complement current research. Consequently, some producer associations have joint research projects with CORPOICA. The research activities of these associations are organized in various ways. Some producer associations have created separate research centers (such as FEDECAFE's CENICAFE, ASOCAÑA's CENICAÑA, and FEDEPALMA's CENIPALMA), but others have created technical departments within the respective associations, or else they outsource most of the research to CORPOICA, universities, and other agencies (for example, FEDEARROZ, FEDEPAPA, and FENALCE).
The four most important producer organizations in the Colombian context are CENICAFE, FEDEARROZ, CENICAÑA, and CENIPALMA. CENICAFEthe largest and oldest research center among the producer associations-is mainly involved in developing new coffee varieties, but it does conduct some research intended to solve production problems. It is also active in the transfer of technologies and the production and sale of coffee seeds. FEDEARROZ is currently the second largest producer association in terms of research personnel. It is constituted not as a "CENI" (research center) but rather as a research division within the producer association. Its activities involve the development of new varieties, facilitated by a joint research program with CORPOICA and CIAT. CENICAÑA does research in areas such as genetic improvement, agronomy, entomology, soil, postharvest technologies, and socioeconomics. In contrast to most other producer organizations, CENIPALMA has continued to expand its research activities in recent years and is now among the largest producer organizations in terms of research staff. Its research activities are applied in nature, focusing on soil-fertility improvement and integrated pest and disease management.
A recent development is the planning and creation of "virtual centers." These involve networks of researchers engaged in existing research, thereby eliminating the need to create additional physical infrastructure. The first virtual center was created in 1999 by FEDEPAPA together with CORPOICA, ICA, the Colombian Institute for Science and Technology Development (COLCIENCIAS), the academic sector, and various producers and distributors. 4 Three more virtual centers (for cereal, irrigation, and cut flowers) are under development.
Several other government agencies conduct agricultural research in areas other than crops and livestock. These include the National Institute for Fisheries and Aquaculture (INPA, also under MADR), which conducts research on fisheries and water, and five relatively small agencies under the Ministry of Environment engaged in environmental, biological, and marine sciences research. Public and pri-vate universities also conduct some agricultural research-the main one being the National University of Colombia-but most universities concentrate on providing higher-education services, and so their combined contribution to Colombian agricultural R&D is quite small.
Colombian Science and Technology Policy
Colombia's science and technology (S&T) policy during the second half of the 20th century falls into three distinct phases. From 1957 to 1974, Colombia pursued an import-substitution strategy that was common throughout the region at the time (UNCSTD, UNTAD, and COLCIENCIAS 1997) . This economic strategy also involved a national S&T policy geared toward achieving self-sufficiency in food. A principal concern of the government was to control technological transfer processes and the foreign investment that typically accompanies it. For its part, ICA sought to develop improved local varieties as substitutes for imported rice, soybeans, sorghum, cotton, and wheat.
From 1974 to 1989, Colombia's economy slowly opened up, and this change was reflected in the national S&T policy. Facing increased international competition, local industrial firms (including the farm-input supply sector) began restructuring themselves. Agricultural producers followed suit beginning in the early 1990s, with substantial acreage shifted out of annual crops and into perennial crops and livestock. At the same time, COLCIENCIAS received a loan from the Inter-American Development Bank (IDB) to modernize existing R&D systems, thereby reinforcing its role as promoter of technological development to the other official agencies and the industrial sector. ICA continued to be the main research provider for the agricultural sector, supported by an injection of loan monies from the World Bank in 1983 to improve the institute's infrastructure, programs, and equipment, and to provide funds for training ICA researchers (UNSCTD, UNTAD, and COLCIENCIAS 1997) .
From 1990 to 2001, further economic liberalization called for changes in Colombia's S&T strategy to respond to increased external competition. In 1990, a new S&T law was approved that included support for a national system of science and technology (NSST). NSST is an "open system," meaning that it includes all S&T programs, strategies, and activities, both public and private (DNP COLCIENCIAS 2000) . The NSST includes programs for each of the 11 productive sectors, including 1 for the agricultural sector called the Agricultural Science and Technology Program. This program is managed by a council that formulates national strategies and programs for agricultural technological development. The council consists of representatives of the government (including MADR), universities, farmer and researcher groups, and the private sector. The council also makes decisions on the distribution of government funds to agricultural S&T, channeled through COLCIENCIAS, but these funds are relatively small compared with the government funds disbursed directly to MADR; hence the role of the council in setting national agricultural research policies is-in reality-limited.
The same law also provided incentives for public and private associations to develop joint S&T activities, facilitating collaboration between government and private institutions-something that was prohibited prior to 1990. For the agricultural sector, this change resulted in the aforementioned transfer of ICA's research activities to the newly created CORPOICA.
Financing Agricultural Research
Colombia has diverse sources of funding for agricultural research, but government contributions continue to dominate. They are distributed in a variety of ways, including block grants to various institutions, special programs, cofinancing, external loans and donations, and competitive funds awarded through COLCIENCIAS and the National Program for the Transfer of Agricultural Technology (PRONATTA). 5 The private sector is increasing its participation through direct funding and through levies. However, as already mentioned, the national economic crisis in recent years has led to a reduction in the government contributions and levies made available to agricultural research. Funds from external sources and international cooperative activities have also contracted in recent years (Acosta and Gómez 1998) .
In 1989, the National System for Agricultural Technology Transfer (SINTAP) was established, with the intention of reducing the dominance of scientists in determining agricultural research and extension priorities. The objective was to develop a more participatory system by fostering the decisionmaking role of government departments and municipalities, as well as the private sector, and to give added emphasis to the problems facing smallholder farmers (World Bank 1995 , 1999 . As a part of this decentralization effort, the government and the World Bank agreed to establish PRONATTA, which consisted of two components. The first aimed to improve the management capacity of institutions at the municipal and regional levels; the second aimed to strengthen public and private institutions through the competitive allocation of public funds for agricultural research and extension. Only projects directed toward smallholder farmers in poor rural areas were eligible for these funds.
PRONATTA ran from 1995 until the end of 2002. From 1995 to 2001, PRONATTA's budget totaled US$56.4 million, the majority of which was earmarked for technology development (the remaining 5 percent, or US$2.8 million, was allocated to training activities). These figures include the World Bank loan disbursed via PRONATTA; counterpart funding from MADR, which included a 50 percent contribution toward technology development activities; and a 15 percent contribution to training activities (Berdegue and Escobar 1999) . Despite PRONATTA's objective of stimulating private-sector involvement in agricultural R&D, the share of disbursed funds for research executed by the private sector totaled only 2 percent for the period 1995-99 (Estrada, Holmann, and Posada 2002) . Of the total approved projects during this period, 44 percent were from CORPOICA (PRONATTA 2000); however, in the 1998 call for proposals, CORPOICA's share of the total successful submissions dropped to around 35 percent. Notable was the high proportion of projects approved from nongoverment natural-resource organizations and farmer groups: their combined share accounted for around 30 percent (D. Byerlee, pers. comm., 2000) .
Funding of Government-Performed Research
Not surprisingly (and consistent with the situation in the developing world in general), publicly performed agricultural research in Colombia remains heavily reliant on shrinking government sources of support. In addition, CORPOICA receives a smaller share of the government agricultural research budget because, in recent years, nonprofit institutions and international organizations like CIAT (headquartered in Cali) and the International Maize and Wheat Improvement Center (CIMMYT) have taken a share of the pie. 6 Disbursement methods have also changed recently, moving away from a virtually exclusive reliance on open-ended block-funding arrangements toward more time-bound research contracts.
In 2000, CORPOICA's funding totaled $81 million (1999 international dollars); 7 three-quarters of these funds came from the government through MADR (Table 11 .2). While about 80 percent of these "direct" government funds came in the form of line-item payments from the national budget, the remaining funds came in the form of contracts for specified projects. The share of project funding has increased in recent years, causing financial difficulties for CORPOICA because project funds do not allow recovery of overhead costs or the salaries of permanent staff (only for contract labor). CORPOICA also received government contributions through COLCIENCIAS and PRONATTA's competitive grant schemes, but their combined share of total funding declined considerably in 2000, as there was no call for proposals that year. Contributions to CORPOICA from producer organizations have remained relatively small (2 percent of the agency's total funds) despite the goal of increasing private-sector involvement that precipitated CORPOICA's creation. But this situation is not surprising, given that the main focus of the producer organizations is short-term, highly targeted adaptive research, whereas CORPOICA undertakes more strategic or basic research. CORPOICA's funding sources have varied substantially over the years, with the share of government contributions declining steadily (from 100 percent) since the agency's first year of operation in 1994 (Beintema, Romano, and Pardey 2000) .
Research Financed by Producer Organizations
As mentioned above, agricultural R&D in Colombia differs from that in other Latin American countries in that producer associations conduct a significant amount of research. Table 11 .3 gives an overview of these organizations, their operations, and their funding. Most finance their research activities through a mandatory cess or tax (parafiscal or cuota de fomento in Spanish) that is imposed on the farm sales of crops like rice, cereals, and cocoa, or on export crops such as coffee and flowers. A few associations, such as ASOCANA and FEDEPAPA, do not impose commodity taxes but instead receive voluntary contributions from their members. 8 There are large variations in the shares of cess revenues assigned to research activities: for the four organizations for which relevant data were available, amounts ranged from less than 0.1 percent for ASOCOFLORES to 70 percent for FEDEPALMA. The balance of these funds are used for a variety of purposes, including technology extension, market development, and commodity promotion. 9 The division between in-house research activities and those outsourced also differed considerably among eight producer organizations for which data were available. ASOCOFLORES and FENALCE outsourced all of their research, whereas ASOCANA, FEDERACAFE, and FEDEPALMA spent most of their research funds on in-house R&D. In addition to collecting tax revenues and voluntary contributions from producers, some producer associations fund research through research contracts, and in some cases they reinvest the profits earned from product sales (CENICAFE, for example, receives part of FEDECAFE's sales revenue from coffee). On average, these sources accounted for about 10 percent of total funding for the producer organizations. Some organizations (including CENICAFE, CENICAÑA, CENIPALMA, and FEDEPAPA) also receive contributions from the government, but these tend to be small: in 1996, the share of funds from government sources ranged from a negligible 0.003 percent of CENICAFE's revenues to 10 percent of FEDEPAPA's (Beintema, Romano, and Pardey 2000) . Compounding the declines from economic crisis, some cess revenues for crops have contracted considerably as a result of waning production (as with coffee and cereals) or falling prices (as with oil palm). Many producer organizations are now reluctant to invest further in research, perhaps in response to a lack of perceived payoffs to past investments or the delays in realizing these payoffs in the face of a more immediate crisis.
Colombian Public Agricultural Research Investments
In 1996, about 1,000 full-time equivalent (fte) researchers worked in the 30 Colombian public agricultural R&D agencies for which Beintema, Romano and Pardey (2000) compiled data, spending $167 million on agricultural research (Table 11 .4). More than half these expenditures were made by CORPOICA, and nonprofit institutions accounted for about a quarter of the total. CENICAFE accounted for more than half of the nonprofit institutions' spending, with FEDEARROZ, the second largest nonprofit institution, accounting for one-fifth of the total. The other government and higher-education agencies each accounted for about 9 percent of the national total spending. 10 The number of higher-education agencies in the sample was low, so, in reality, the higher-education share should be slightly-though not substantially-higher.
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Trends in Public Investments
Expenditures. Following a decade of decline in the 1970s, total agricultural research expenditures in Colombia grew considerably in the 1980s and early 1990s (Table 11 .5 and Figure 11 .1). These totals are strongly influenced by the trends for CORPOICA and its predecessor ICA (hereafter referred to as ICA/CORPOICA), especially in earlier years, when the great majority of agricultural R&D was conducted by ICA. ICA/CORPOICA's total expenditures grew sevenfold over the past four decades, exhibiting a notably erratic year-to-year pattern of real spending that was particularly volatile in the late 1980s and early 1990s. Following the 1994 transfer of ICA's research and technology-transfer activities to CORPOICA, the financial situation stabilized somewhat, but in more recent years it has once again contracted to levels well below those recorded in the mid-1980s. Although the other government-agency share of total research spending is comparatively small, total spending in this category remained fairly stable in constant prices prior to 1990. Following the creation of the new institutes under the Ministry of the Environment, total spending by other government agencies grew considerably during the 1990s, at an average annual rate of 91 percent, albeit from an extremely small base. Total spending by nonprofit institutions increased fourfold, from $11 million in the early 1960s to $41 million in 1996. More recent data on research expenditures were available for CORPOICA and six nonprofit institutions only (Table 11 .5). 11 In 2000, CORPOICA's total spending was $92 million, 4 percent less, in inflation-adjusted terms, than in 1996. Total real spending for the nonprofit institutions also declined by 4 percent over the same period.
Researchers. From 1971 to 1996, total numbers of fte research staff grew by 3 percent per year on average (Table 11 .6). ICA/CORPOICA accounted for a large share of the total agricultural research staff, and again the overall growth rate is heavily influenced by this agency rate of growth, especially in the earlier decades. ICA's total number of researchers fluctuated substantially from year to year, and this pattern persisted in CORPOICA. In 1996, CORPOICA's fte research staff totaled 519, dropping to 485 in 1997, and increasing again to 524 in 1998. During the first seven months of 1999, many research positions were terminated because of budget constraints, and by July 1999 the total number of fte researchers had dropped to 421. This decline has continued. As of the end of 2001, CORPOICA employed only 393 researchers.
One of the motivations behind CORPOICA's creation was to gain the flexibility to compete for qualified staff with other, often private-sector, agencies by offering more attractive salaries and other benefits, but budget limitations have seen CORPOICA's salary levels fall well below those of the universities and private sector. Writing in 1996, Hertford noted that a large number of senior CORPOICA staff were due for retirement in subsequent years: in 1995, 60 percent of the research staff (75 percent of whom held Ph.D.s) was over 40 years old (Hertford 1996) . CORPOICA (like other Colombian institutes) has insufficient resources to support junior staff in obtaining postgraduate degrees, either locally or abroad, so the quality of staff will deteriorate over time. 12 The research shares of the nonprofit institutions increased substantially over time. In 1971, only three producer associations had research programs; these accounted for 9 percent of the total fte research staff that year. The fte share increased to 17 percent in 1985 and to 24 percent in 1996 because of staff increases by the three largest producer associations (CENICAFE, CENICANA, and FEDEARROZ) and the initiation of research by other nonprofit institutions. Despite declining spending since 1996, total researcher numbers have increased slightly in recent years, a change attributable entirely to the substantial increase in the number of researchers employed by CENIPALMA. Total research staff for the other five nonprofit institutions remained constant or decreased slightly.
Spending per scientist. In 1996, average spending per Colombian scientist was $171,000, consistent with the average level for Latin America as a whole (Beintema 298 BEINTEMA, ROMANO, AND PARDEY and Pardey 2001). The overall trend is less reassuring. Since 1971, the growth in the number of fte researchers has outpaced the growth in real research spending, so that spending per scientist in Colombia declined by about one-third from 1971 to 1996 (Figure 11 .2). In general, spending per scientist followed the same erratic trends as those for total spending, spiking in the early 1980s and 1990s.
Research Intensity Ratios
Total public spending as a percentage of agricultural output (AgGDP) is a commonly used measure for comparing agricultural R&D spending among countries and tracking the intensity of R&D investment within a country over time. Colombia's agricultural R&D intensity ratio declined from 0.45 percent in 1971 to 0.22 percent in 1977 and 1978 (Figure 11 .3). The ratio increased between the late 1970s and late 1980s but since then has fluctuated considerably from year to year. These trends mirror-albeit less dramatically-the erratic trend in total spending rather than fluctuations in the value of agricultural output. In 1996, the intensity ratio was only 0.53 percent, comparable with levels of the late 1980s, but it nonetheless represented a recovery from the drop in the early 1990s; the increase resulted from the creation of the research institutes under the Ministry of the Environment in 1994 and 1995. This intensity was even below the comparable developing-country average and less than half the corresponding Latin American average . Trends for agricultural R&D spending per capita and per economically active member of the agricultural population are consistent with trends for R&D spending relative to agricultural GDP (Figure 11.4) . Agricultural R&D spending per capita declined slightly during 1971-96, from $5.1 per capita in 1971 to $4.2 in 1996. In contrast, agricultural R&D grew relative to the size of the agricultural workforce. In 1971, the country invested $37 in agricultural R&D for every agricultural worker; by 1996 the figure had grown to $45 per worker. This is not surprising. As in many developed and more-advanced developing countries, the share of farmers in Colombia's total population decreased as productivity in the agricultural sector and urbanization increased. In line with Colombia's relative level of research intensity, the country's levels of agricultural R&D spending per capita and per economically active agricultural worker were higher than the average for the developing world, but they lagged behind the levels of neighboring Latin American countries.
Private-Sector Research 13
Hoechst, a German-based multinational company, initiated research activities in Colombia on agrochemical products and seeds in 1985 (and merged with Schering in 1997 to form Agrevo). Cargill, an American-based multinational, began locally testing introduced sorghum hybrids in 1987, but its Colombian research activities were taken over by Monsanto in 1998. Given recent mergers in the industry (and matters of confidentiality), complete information on the total number of researchers and spending could not be obtained from these companies. Nevertheless, the research activities conducted by the multinationals are small because they tend to outsource most of the research to CORPOICA and other agencies. Falconi and Pardey (1993) estimated that in 1991 multinational companies accounted for only 2 percent of the country's total fte research staff. It seems the situation has changed little since then, with comparatively little private researchby either national or multinational firms-under way in Colombia. A notable exception is Floramerica, a Colombian flower grower and exporter. The company launched its own research program in 1982, and by 1996 it was spending $215,000 annually on R&D, slightly more than 1 percent of total public agricultural R&D spending.
Orientation of Agricultural R&D
In 1996, close to half the 948 fte researchers in the 22-agency sample reported by Beintema, Romano, and Pardey (2000) conducted crop research, and 21 percent did livestock research. The remaining scientific effort focused on forestry, fisheries, natural resources, and postharvest research. CORPOICA's research was almost equally divided between crops and livestock, but about a quarter of these activities were considered "multiprogrammatic," indicating an overlap between crop and livestock research or multidisciplinary research. Not surprisingly, the nonprofit institutions-dominated by the crop-producer associations-focused almost entirely on crop research, although CORPOICA undertook almost half the country's crop research in 1996.
Identifying the thematic focus of R&D is always difficult. More than onequarter of the fte researchers in the Beintema, Romano, and Pardey (2000) study were reportedly engaged in yield-enhancing crop-improvement research in 1996, almost evenly split between breeding and pest-and disease-control research. Just over one-fifth of the researchers had a natural-resource focus, and only 3 percent dealt with postharvest issues.
Colombia has only a limited amount of "biotechnology" research under way, broadly conceived to encompass everything from basic tissue-culture techniques to technically demanding transgenic methods. Trigo et al. (2001) report that $5.8 million was spent on biotechnology R&D in Colombia in 1999, but $1.6 million of that total was spent by the international research center CIAT. The quantitative indicators included in the Trigo et al. study suggest the preponderance of this biotechnology research was comparatively low-end (but potentially valuable) micropropagation and related plant-and cell-biology techniques. There was also some significant use of genetic marker techniques (most of which was probably done by CIAT) but very limited application of advanced genetic-engineering methods. Moreover, from 1987 to 2000, only 7 field trials for genetically modified material were conducted in Colombia (compared with 321 in Argentina and 247 in Brazil), and all these took place in 2000.
Impact of Public Agricultural Research
Several studies of the economic impact of agricultural R&D in Colombia-most based on the calculation of internal rates of return (IRR)-showed good performance for public investment in agriculture research (Table 11 .7). For example, Scobie and Posada's (1977) study indicated that most of the benefits coming from rice research accrued to low-income consumers and rice producers (especially those with access to some form of irrigation). This study proved especially useful to ICA in demonstrating the commercial consequences of past research investments and in support of claims for further funding for researching other crops.
More recent aggregate studies by Romano (1987 Romano ( , 2000 include some information about the technological performance of the Colombian research system:
• The aggregate marginal IRR was 50 percent for research and 21 percent for extension, which compared favorably with the cost of capital in Colombia at that time (10 to 12 percent). The aggregate average external rate of return of 142 percent and the favorable benefit cost ratio of 14 to 1 confirmed that research and extension have been socially profitable public investments.
• Total factor productivity (TFP) in Colombia took off during the 1960s; growth accelerated during the 1970s but was followed by technological stagnation from 1980 to 1995. The estimated annual rate of growth in TFP from 1960 to 1995 was 1.5 percent, comparable to the rate of productivity growth reported for other countries (see, for example, Acquaye, Alston, and Pardey 2003) .
• Since most agricultural research in Colombia was oriented toward the biological sciences, the technological development was more land-saving than laborsaving. (Romano 1987, p. 142 )
Conclusion
Mainly as a result of the technical and financial assistance from the Rockefeller Foundation, agricultural research in Colombia received a substantial boost during the 1950s and 1960s, especially compared with many other countries in Latin America. However, during the 1990s, Colombia's economy fell into a crisis, resulting in a decline not only in government support for agricultural research but also, apparently, diminished private-sector funding for, and conduct of, R&D. The disposition of government funding has also changed. In the past, ICA received the lion's share of the government's allocations to agricultural research, but in recent years CORPOICA (the institutional successor of ICA) has received a smaller proportion, for which it competes with nonprofit organizations and international centers (CIAT and CIMMYT). Thus the dominance of government agencies in the country's overall agricultural R&D effort has waned. Colombia's agricultural research system has evolved from a single public agency (ICA) to multiple agencies with diverse funding sources 304 BEINTEMA, ROMANO, AND PARDEY (including a reliance on various commodity levy schemes for part of the funds) and a variety of funding mechanisms (including a growth in competitive funding schemes and a diminution in block grants from the government). Taken together, these developments point to increasing institutional complexity in the conduct and funding of agricultural R&D in Colombia, but with no commensurate clear pattern of expanded funding support for research. Moreover, the proliferation of research funding agencies and providers has given rise to problems of overall coherence and coordination and, despite some policy initiatives intended to improve interagency linkages, success has been elusive. There are signs the system is faltering, with research investment ratios that remain low by regional and international standards, a continuing lack of funds for training new generations of scientists (especially in light of the rapid rates of retirement noted above), limited capacity to innovate in the private sector, and few effectively functioning links between technology demanders and suppliers. Overriding all these problems is an ongoing civil war that has impeded the decentralization process and growth of farmer participation, and there are few indications that this situation will improve any time soon. 1. Producer organizations are also significant sources of agricultural R&D funds in some Central American countries, such as Costa Rica, Guatemala, and Honduras. In 1996, nonprofit organizations accounted for 45 percent of total agricultural R&D investments in these three countries, a percentage which was much higher than the share of nonprofit institutions in Colombia's total spending the same year. However, for these countries, research by nonprofit organizations is a much more recent phenomenon; most Colombian nonprofit organizations initiated their research activities several decades ago .
Abbreviations and Acronyms
2. Although CORPOICA was officially established in 1993, it did not initiate research until January 1, 1994. Public agricultural R&D agencies include government agencies, higher-education institutions, and nonprofit institutions. For additional information and other definitions used in this chapter, see the ASTI website at http://www.asti.cgiar.org.
3. In 1950, the office employed 2 Rockefeller scientists and 3 Colombian scientists; over the next 5 years these numbers grew significantly, to 11 Rockefeller and 40 Colombian scientists. Also, through fellowships granted by the Rockefeller Foundation, 30 Colombians received postgraduate training at U.S. universities from 1950 to 1955. Other Colombian nationals were sent to the Rockefeller Foundation program in Mexico for short-term training courses.
4. The objectives of this virtual center, named the Center for Research in the Agro-industrial Chain of Potatoes (CEVIPAPA), are to coordinate potato research, linking the input, on-farm, and postharvest aspects of potato production; to develop a technological information database; to evaluate existing technologies in Colombia and abroad; to identify methodologies for transferring technologies to small farmers; to support socioeconomic studies; and to cooperate with national and international research agencies. CEVIPAPA also disburses research funds obtained through the voluntary contributions of the potato farmers collected by FEDEPAPA. Because FEDEPAPA still conducts some of its own research (although this activity has decreased since the creation of CEVIPAPA), some of the research funds are channeled back from CEVIPAPA to FEDEPAPA. 5. The competitive scheme managed by COLCIENCIAS also experienced a decline in the total amount of funds available for distribution. Total funding for the 11 programs peaked in 1996; by 2000 it had declined to about the same level as in 1990. The program for the agricultural sector was about 4 billion pesos in 1996-97, declining to 600 million pesos in 2000. The available funds for 2001 increased slightly to 1 billion pesos-still well below the 1996-97 amount. This decline reflects the ongoing economic crisis as well as discontinuation of an IDB loan. A new loan was negotiated in 1996 and became operational in 1998.
6. MADR set up a special contract with CIAT to conduct research focusing on the oriental plains and research on fruits, grasses, rice, corn (in collaboration with CIMMYT), biotechnology, geographic information systems, production systems, and so on. This project ran from 1998 to 2003; a total of US$2 million of government funds were scheduled to be disbursed to CIAT each year. CIAT collaborates with CORPOICA on some of the research activities under this project, and in 2001 CORPOICA received about 5 million pesos for this joint work.
7. The financial data in this chapter were converted to 1999 international dollars by first deflating funds compiled in current local-currency units using a Colombia GDP deflator with the base year 1999, and then converting to U.S. dollars using a 1999 purchasing power parity (PPP) index from World Bank 2001. PPPs are synthetic exchange rates used to reflect the purchasing power of currencies, typically comparing prices across a broader range of goods and services than conventional exchange rates.
8. FEDEPAPA requested that the government impose a mandatory levy on potato production and sales but did not get approval for this levy. FEDEPAPA, however, has received some funds from the mandatory levy on fruits and horticultural products (the latter including potatoes).
9. This is similar to the residual claim that research has on most commodity check-off programs in the United States (Alston et al. 1996) but distinct from the levy funding of research in Australia under the Primary Industry and Energy Research and Development Act (1985 and 1989) , under which all the funds must be used to support R&D (Alston et al. 1999) .
10. Compiling expenditure data for higher-education agencies proved difficult. The data obtained often included only the direct research expenditures-such as the operational costs associated with university research or project funds received from external sources-rather than a comprehensive accounting of the costs, including salaries, rent, and utilities appropriately prorated to reflect the share of total faculty time spent on research. To redress these problems, an estimate of total expenditures for the higher-education sector was calculated using the average expenditures per researcher for government agencies and nonprofit institutions, scaled by the number of fte researchers employed by the higher-education institutions in our sample.
11. In 1996, these six nonprofit institutions accounted for 80 percent of the total research spending by the 11 nonprofit institutions.
12. In 2001, only 18 CORPOICA researchers were undertaking postgraduate studies, down from 39 in 1998 (CORPOICA, pers. comm., 2001) .
13. Private participation in agricultural R&D is related to the appropriability of the revenue streams from the resulting technologies. The existence and effectiveness of intellectual property rights directly affects the extent of appropriablity. In 1996 Colombia acceded to plant varietal rights that are compatible with those of the International Union for Protection of New Varieties of Plants (UPOV) but does not currently allow for the patenting of plant varieties. Colombia is also a signatory to Decision 391 of the Andean Pact, which deems that material found in nature is a "discovery" and therefore not patentable.
